Introduction {#S1}
============

Nitrous oxide gas is known as an anesthetic and anti-nociceptive, whose anesthetic effects are reduced and anti-nociceptive effects are increased when mixed with oxygen; the mixture of this gas with oxygen is known as Entonox. Entonox contains 50% oxygen and 50% nitrous oxide \[[@B1]\]. Despite the availability of other labor pain relief methods, Entonox is still one of the most widely used methods around for three reasons: it is fast-acting and is rapidly cleared from the body, it does not require complex and expensive equipment or specialized personnel, and finally, it can be easily used by mothers \[[@B2]\]. Natural delivery is a stressful stage for the mother and fetus and may therefore lead to the phenomenon of oxidative stress and the high release of free radicals \[[@B3]\]. Oxidative stress is caused by the imbalance between the production of free radicals and reactive oxygen species on one hand, and antioxidant defense system on the other hand, and can have detrimental effects on the fetus if continued \[[@B4]\]. Labor pain and stress lead to the production of epinephrine and norepinephrine and thus results in the production of free radicals and thereby lipid peroxidation \[[@B5]\]. Entonox reduces labor pain by releasing endorphin \[[@B6]\]. This study examines the hypothesis that the pain relief caused by Entonox and the release of endorphins may lead to significantly different levels of oxidative stress markers in natural delivery compared to the delivery performed without pain relief.

Materials and Methods {#S2}
=====================

The present cohort study was conducted on a sample of 120 women divided into a natural vaginal delivery (NVD) with Entonox group and an NVD without Entonox group. Each group consisted of 60 women selected through convenience sampling. Sampling was conducted at the labor ward of Taleghani Maternity Hospital (a referral center in Tehran) after obtaining permission from the hospital authorities as well as Arak University of Medical Sciences. Mothers admitted to this ward, who had no acute or chronic pregnancy complications, had a singleton term pregnancy, and had chosen their method of delivery themselves, were included in the study. After obtaining written informed consents from the mothers, 5cc of blood was taken from their brachial vein at the end of the second stage of labor in two groups. The blood samples were poured into heparinized tubes and transferred to the laboratory for freezing and centrifugal operations. After transferring the blood samples to the laboratory, their plasma was separated and tested for malondialdehyde (lipid oxidation) \[[@B7]\], thiol groups (protein oxidation) \[[@B8]\], and total antioxidant capacity (through ferric reducing ability of plasma) \[[@B9]\].

Two women were excluded from the NVD with Entonox group due to a significant drop in fetal heart rate and one due to the lack of labor progress; in the NVD group without Entonox, only one woman withdrew due to the lack of labor progress and therefore required cesarean section. Data were analyzed in SPSS-20 using descriptive (mean and frequency) and analytical (*t*-test) statistics.

The women had a mean age of 22.83 ± 0.52 years in the NVD without Entonox group and 24.08 ± 4.08 years in the NVD with Entonox group, which does not indicate a statistically significant intergroup difference (*p* = 0.097). Their mean neonatal weight was 3,142 ± 258 g in the NVD without Entonox group and 3,127 ± 245 g in the NVD with Entonox group, which shows the lack of a statistically significant difference between the groups (*p* = 0.785). The women's mean gestational age was 39.6 ± 0.8 weeks in the NVD with Entonox group and 39.2 ± 0.06 weeks in the NVD without Entonox group, which suggests no statistically significant differences between the groups (*p* = 0.727). The duration of the first stage of labor was 4.52 ± 1.26 h in the NVD without Entonox group and 4.17 ± 1.14 h in the NVD with Entonox group, showing no statistically significant intergroup differences. *Table* [*I*](#T1){ref-type="table"} presents the rest of the data obtained.

###### 

Lipid peroxidation, thiol groups, and total antioxidant capacity in mothers in NVD with and without Entonox

  Oxidative stress indices     Type of delivery        Mean ± SD            Confidence interval   *p* value
  ---------------------------- ----------------------- -------------------- --------------------- -----------
  Lipid peroxidation (μM/mm)   NVD (without Entonox)   6.26 ± 5.39          \[−0.581, 2.870\]     0.191
  NVD (with Entonox)           5.12 ± 3.89             \[−0.578, 2.867\]                          
  Thiol (μM/mm)                NVD (without Entonox)   0.34 ± 0.26          \[−0.130, 0.173\]     0.091
  NVD (with Entonox)           0.26 ± 0.24             \[−0.013, 0.173\]                          
  FRAP (μM/mm)                 NVD (without Entonox)   0.93 ± 0.69          \[−0.648, −0.012\]    0.062
  NVD (with Entonox)           1.21 ± 0.89             \[−0.650, −0.011\]                         

SD: standard deviation; FRAP: ferric reducing ability of plasma; NVD: natural vaginal delivery

Discussion {#S3}
==========

The findings showed a higher lipid peroxidation in NVD without pain relief compared to NVD with pain relief, albeit not significantly. This finding may be caused by renewed tissue oxygenation during labor, which is induced by the mother's fear and anxiety in NVD and may affect oxidative stress markers \[[@B4], [@B5], [@B10]\]. The low level of lipid peroxidation in NVD with Entonox may be due to the induced pain relief \[[@B1], [@B6]\]. A study conducted on the delivery process in mothers undergoing epidural anesthesia showed a lower lipid peroxidation induced by the destruction of the adipose tissue compared to cesarean section and natural childbirth \[[@B11]\]. The disparity of findings between this study and the other one discussed can be attributed to the pain relief methods used (Entonox in this study and epidural in the other). A study conducted by Vakilian and Ranjbar \[[@B12]\] on vaginal delivery with Entonox and cesarean section showed no significant changes in the amounts of lipid breakdown products (malondialdehyde) between the two methods, and the use of this gas was recommended due to the lack of significant differences in oxidative stress markers between the two methods. This study showed no significant differences between the two methods in the amounts of products from protein breakdown. The study by Vakilian et al. \[[@B13]\] on 60 mothers with NVD and 60 with elective cesarean section showed significantly more thiol molecules in NVD compared to elective cesarean section and thus recommended the reinforcement of antioxidant defense in mothers undergoing NVD before the onset of labor. This study showed that, although the antioxidant capacity was higher in NVD with Entonox, it was not significantly different from that in NVD without pain relief. A study conducted on 2,000 mothers undergoing cesarean section with epidural and general anesthesia showed a reduced inhibition of enzymatic and vitamin antioxidant activity in the group of mothers with epidural \[[@B14]\]. Another study showed a lower total serum antioxidant in cesarean section compared to NVD. This marker is indicative of the protective capacity of tissues against the effects of reactive oxygen species \[[@B13]\]. It seems that reactive oxygen species increase in cesarean delivery due to the incidence of hypoxia during general anesthesia, thereby reducing the antioxidant capacity of the body \[[@B15]\].

Conclusions {#S4}
===========

The results obtained showed no significant differences between NVD with and NVD without pain relief in terms of oxidative stress markers. Considering its safety in terms of producing free radicals, Entonox can be used during labor. Further studies are recommended to be conducted on oxidative stress markers in other analgesic methods in mothers and infants. The limitations of this study include the lack of control over the amount of gas inhaled by the participants. Therefore, clinical trials are recommended to be conducted on the use of Entonox.
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